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Co(10-30 nm)/ Al 2 O 3 (1.4 -1.6 nm)/C 60 (20 nm)/MnOx(2.5-5 nm)/Al(1.2 nm) and nm)/C 60 (20 nm)/ MnOx(2.5-5 nm)/Al(1.2 nm) -with Cu instead of Co in some samples. The sputtering pressure is of the order of mTorr, but sputtering and evaporation are not done simultaneously. The C 60 is evaporated at ~450 °C with a chamber pressure of ~10 -8 mTorr and an oxygen pressure of ~10 -10 mTorr. The use of a tunnel barrier determines whether there is spin conserved injection from the ferromagnetic electrode or whether spin scattering at the interface leads to a non-polarized current as well understood in the conductivity mismatch problem. (47) Whether or not there is a direct contact between metal and molecule also affects the doping of the C 60 film. Where there is a direct metal contact, the C 60 behaves as though it were significantly n-doped, making the IV characteristic more asymmetric.(21) With a tunnel barrier, the IV characteristic is more symmetric. In both cases, charge trapping is observed to occur at the MnOx/C 60 interface. Assuming the modeled MnO 2 /C 60 interface is representative of the system in the real device, and based on the DFT simulations, only the immediate metal oxide/C 60 interface has metallic states and is therefore the only conductive layer together with the Co-film.
Deeper MnO 2 atomic-layers (3 rd onwards), further than 0.5 nm (5 Å) from the interface, display a non-zero (>0.2 eV) band-gap. Based on the present DFT simulations, the role of the MnO 2 layer is to provide a source of O-atoms, whose diffusion, coupled with MnO 2-x /C 60 re-hybridization and addition of extra charge in the floating state altogether lead to: 1) appearance of half-metallic states at the MnO 2 /C 60 interface (likely spin polarization but not half-metallicity in the real, disordered MnO x system, leading to long but finite discharge times), and 2) spin-polarization of the C 60 closest to the MnO 2-x substrate.
The cobalt film is polycrystalline, formed by grains of several 10s of nm. At remanence, these grains generate a stray field (even though an ideal, uniformly magnetized cobalt film would not).
This stray field is a very common problem e.g. in our measurements of spin triplets with superconductors and muon spin spectroscopy. In the electrically-biased muon sample, we used the thickest C 60 layer of any experiment, and the field at the interface, as measured by the muon precession, was 5 Gauss. The distance between Co and interface for this sample was 55 nm, compared to 15-20 nm in NEXAFS and photovoltaics, so the field in the latter samples can be estimated to be 100-200 Gauss assuming a dipolar field (∝ r −3 ). This field is unlikely to be the only mechanism mediating the spin stabilization, which will depend as well on the spin dependent interfacial dipole and MnO 2 density of states, but it explains the connection between the Co magnetization and the interface transport properties (e.g. in the discharge time, the photocurrents measured with different Co configurations, the dependence of the LUMO* position on field etc.). By comparison, the MnOx film is only (weakly) magnetic at the atomic surface, with no magnetocrystallyne anisotropy (nominally no demagnetizing or stray field for the ideal 2D case) and therefore magnetically soft.
Section S2. Junction characterization
The interface has a resistivity orders of magnitude higher than the bulk MnOx layer, changing from 10 to 0.1 M for a typical 100×100 m 2 junction when the interface is broken by displacing oxygen with an electric field. For spectroscopy, XAS and XMCD, alumina barriers are used to prevent Co/C 60 hybridization features appearing in the K-edge and to allow the injection of spin polarized electrons. For V OC measurements, this tunnel barrier is not included.
This is because the photovoltaic efficiency is much higher without a barrier, allowing us to access a V OC similar to the bias applied in XAS, and because the junction structure is invertedfigure S1. Inverting the structure allows us to excite optically the MnOx/C 60 without a protective cap, thus increasing the illumination and eliminate artefacts from the cap used. The junction is charged by exposure to light and the generation of a photocurrent; we then measure the drop of the open circuit voltage with time by using a nano-voltmeter connected to a data acquisition card with sub-ms resolution. While oxygen diffusion is commonly observed at the interface between complex oxides and C 60 , the process used to fabricate these samples shows minimal and MnO x layers, including Xray reflectivity and diffraction (XRR/XRD), Raman spectroscopy and luminescence. Figure 2F shows the charge-trapping effects in the luminescence of C 60 . Hg (6) Hg (5) Hg (4) Hg (3) Silicon Peak
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Ag (2) Hg (8) 1 (Table S1) . This result appears to be qualitatively unaffected by the presence of additional electronic charge at the C 60 /β-MnO 2 (110)-2x2 interface model (Table S1 ). In all cases, the non-perfectly matched periodicity of the β-MnO 2 (110)-2x2 slab and the C 60 layers resulted in asymmetric relaxation of the 2 nd C 60 layer [C 60 (2 nd )] over the C 60 (1 st ). Although comparison between the energy favored o-chem geometries for the neutral and charged (+0.6 e -) C 60 /β-MnO 2 (110)-2x2 interfaces indicates negligible changes owing to addition of the extra charge [ Fig. S4 ], compelling evidence of the origin of the measured energy-shift for the LUMO level of the 2 nd C 60 layer is provided by electrostatic analysis of the interface. Keithley 428 current amplifier with the drain contact made using silver coated carbon tape to a point close to the junction. Transport contacts are made using silver paint and kapton insulated Cu wire attached to sprung contacts built into the TEY head. The TEY drain contact is made using a thin strip of conducting carbon tape which extends to 1mm away from the junction and is then coated with silver. Contact is made between this tape and the Cu backing plate which is connected to ground via a pico-ammeter. The total resistance of this channel was measured to be 400 Ohm for the samples shown in Fig 1. The drain contact resistance was on the order of 100 Ω, and this similarity in resistance caused mixing between the drain current and junction current, increasing the signal to noise ratio. When there was no active bias, the internal resistance of the source was >1 GΩ.
Following monochromation, the beam is focused by a final mirror at which a photoelectron current is recorded (i1). The beam then passes through a gold grid at which the normalization signal is recorded (i2). Both the mirror and normalization grid have a small amount of carbon contamination resulting in absorption at 285 and 290 eV. The TEY signal is then normalized to the gold grid, figures S7A-C. To avoid distortion of the signal by carbon contamination on the normalization grid, fresh gold is evaporated onto the grid at the beginning of the experiment.
Carbon contamination is a common issue so it is important to establish whether any component of the C K-edge arises from aliphatic or amorphous carbon layers rather than the C 60 film. By probing carbon K-edge on the substrate away from the C 60 , it was verified that the residual signal from carbon contaminants was much smaller than the C 60 signal, Fig. S7B . The main XMCD peak at 282 eV features above any artefacts due to normalization. Owing to metallization and ensuing broadening of empty states, we do not expect a contribution to the (TEY) NEXAFs signal from C 60 (1   st   ) . By comparison, the C 60 (2 nd ) layer in the simulations has a well-defined band-gap and sharp LUMO(*) energies. In addition, deeper layers of C 60 , beyond the 3 rd layer (i.e. ≳2 nm from the interface), will have an exponentially lower contribution toward the TEY signal, as the Auger electrons produced in these layers will not have enough energy to overcome the work function and contribute to the signal. Sum rules typically used in transition metals do not apply to the carbon K-edge, partly due to the lack of SOC and the orbital hybrid structure of carbon, so a priory it would be impossible to distinguish between spin or orbital momentum in C 60 via XMCD. Therefore, we must indirectly infer the origin of the signal from other methods.
Given that i. the effect emerges only when we use a magnetic electrode and a, theoretically, halfmetallic interface; ii. that the muon depolarization responds to the local spin ordering; and iii. the spherical symmetry of the C 60 cage (which rotates freely in the ps scale at room temperature in thin films, which will average out any orbital asymmetry in the C 60 ), it is almost certain that the spin momentum is responsible for the results observed. The C 60 /MnO x interface acts as a pn junction with a weak photovoltaic response. Figure S9 shows the typical photovoltaic effect for a junction without an alumina barrier between the cobalt electron and C 60 layer. The presence of an alumina barrier does not change this dependence, but greatly reduces the magnitude of the photocurrent. The photocurrent decreases as the temperature is lowered due to increased internal resistance and trap dwell time, with the carrier density and mobility reduced -see Figure S10 . factor that takes into account the charge carrier density, mobility and electric field.
Once the device is charged using the photovoltaic effect, stopping the light irradiation leads to a capacitor-like discharge where the hopping time, and therefore the discharge time, are dependent on the magnetic field. Magnetic configurations of the cobalt electrode with high disorder or a complex domain structure, e.g. measurements at the in-plane coercive field, see Figs. 3D-E of the main manuscript, or at remanence after an out-of-plane field ( Fig. 4B and Fig. S11 ) have a decay 230-40% faster than when the electrode magnetization is uniform (in-plane saturated). 
c.
Data was collected in a zero field (ZF) and transverse field (TF) geometry (field in the plane of the sample and transverse to the spin of the incoming muons). In the TF geometry the initial polarization of the muon spin is perpendicular to the applied field. The time dependence of the muon polarization is analyzed as an asymmetry function A s (t) and data fitted using musrfit software. In zero field and at 250 K, the fast rotation of C 60 molecules eliminates the observability of the anisotropic Mu-C 60 radical state, therefore we only observe a low frequency As previously discussed, we expect to observe the onset of a second muonium frequency for muonium in spin polarized C 60 . We therefore used a two frequency model for the ZF data as As it was the case at 250 K, there is an increase in the susceptibility under light irradiation and in the floating state. However, the change under light irradiation is smaller (and within uncertainty of the initial ground) than at 250 K. This could be due to the approx. 10 times smaller photocurrent flow at 50 K resulting in longer charging time.
C 60 compounds may display magnetic order -e.g. EDTA-C 60 is ferromagnetic at low temperatures, and C 60 -O may show paramagnetic or superparamagnetic behavior. Figures S15 below shows that the combination of both materials (C 60 and MnO 2 ) appears to enhance the magnetic signal, in particular when the interface has been charged by exposure to light -the halfmetallic properties of the MnO 2 surface extend to the C 60 , which is further charged by oxygen hybridization at the interface. The moments observed in Fig. S15a are very weak and therefore highly sensitive to contaminants etc. Fig. S15b shows how the moments may become larger once the full device is grown and the interface charged via light exposure, the magnetic properties are further enhanced -although now there is a large background due to the cobalt electrode and its interaction with the C 60 layer (13). Decoupling the C 60 and MnO x (sample C) or reversing the structure (samples D and E) leads to lower magnetization.
